XRBars: Fast and Reliable Multiple Choice Selection by Gaze in

XR

Jodo Vitor Nogueira
Federal Fluminense University
Rio das Ostras, Rio de Janeiro, Brazil
jv_nogueira@id.uff.br

Abstract

Web browsing is essential for modern education, supporting ev-
erything from self-directed study to academic research. However,
traditional web interfaces are designed for keyboards and mice, and
touch screens creating accessibility barriers for users with motor
impairments. Modern Head-Mounted Displays (HMDs), which lack
these conventional input devices but often include eye-tracking
technology, make gaze-based interaction in XR a promising alter-
native due to its immersive experience. For a gaze-based XR web
browser to be viable, it must be efficient and provide a good user
experience. To this end, this paper proposes XRBars, a system that
leverages GazeBars to improve accessibility to online educational
resources in XR.
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1 Introduction

Since its inception and widespread adoption, the web has funda-
mentally transformed how various processes are conducted. Access
to information, public and private services, and essential tools has
increasingly shifted online, making the internet a central hub for
communication, work, and education [10].

As an educational tool, the web supports research and informa-
tion retrieval, serves as a teaching platform, facilitates discussions
through educational forums, bridges informal and formal learn-
ing, and functions as an assessment tool, among other applications.
Its interconnected nature fosters collaborative learning, while its
diverse multimedia resources provide extensive opportunities for
knowledge acquisition [1, 19, 30].

While web-based education has significantly improved access
to digital resources, it has also introduced barriers for users who
struggle to navigate online platforms effectively. Many web-based
learning systems still lack accessibility and often fail to comply with
Web Content Accessibility Guidelines (WCAG), leaving individuals
with physical disabilities unable to fully engage with educational
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content due to their inability to operate more traditional devices
[5, 6].

Emerging technologies, such as Head-Mounted Displays (HMDs),
expand the possibilities for accessing web-based learning by en-
abling alternative interaction methods that do not rely on traditional
input devices. As enablers of Extended Reality (XR), HMDs pro-
vide immersive environments where users can interact with digital
content in new ways. While still in its early stages, Web-XR has
demonstrated potential for tasks such as assembly guidance, 3D
visualization, and immersive collaborative learning [4, 11, 21, 33].

HMDs integrate a wide range of sensors, allowing for alternative
input methods such as voice commands, gesture-based controls,
head-pointing, gaze interaction, and multimodal approaches [36].
Among these, gaze-based interaction is particularly well-suited
for web browsing, as it aligns with the web’s inherent reliance
on pointing and selection tasks. Unlike voice commands, which
struggle with precise navigation, or hand gestures, which can be
fatiguing, gaze-based controls provide a discrete and efficient means
of interaction. Furthermore, gaze direction is closely linked to user
intent, making it a valuable source of contextual information for
user interfaces.

Gaze interaction has been extensively studied in desktop envi-
ronments but stands to benefit from HMD integration due to the
increasing affordability and widespread adoption of devices such as
Apple’s Vision Pro and Microsoft’s HoloLens. These devices, which
include built-in eye-tracking technology, are comparable in cost to
standalone eye trackers but are standalone system, making them
more accessible, and can be used in a wider variety of locations
since they are wearable devices [12].

However, gaze-based interaction presents several challenges.
Unlike more traditional interfaces, gaze lacks an explicit selection
mechanism, requiring alternative methods to confirm user intent.
Additionally, involuntary eye movements, such as glances or ex-
ploratory gazes, can result in unintended selections [20]. Precision
limitations in current eye-tracking technology can also make small
target selection difficult.

To address these challenges, various design solutions have been
proposed. Most gaze-based systems employ dwell-time selection,
where users must fixate on an interface element for a predefined
duration (typically 500-1000ms) to confirm their choice. Assis-
tive techniques such as target enlargement, selection timers, and
magnification are commonly used to enhance accuracy. However,
dwell-time selection has drawbacks: if the required duration is too
short, it increases the risk of accidental selections, whereas longer
dwell times can slow interactions and degrade user experience.

As an alternative to dwell-time selection, this paper presents the
design of XRBars, a dwell-free web browser developed as part of an
ongoing project. XRBar's leverages bar placement and instantaneous



ACM IMX Workshops, June 3 - 6, 2025

selection through GazeBars to enhance interaction speed and user
experience in gaze-based web navigation.

2 Related Works
2.1 Gaze Interaction for the Web

Efforts in gaze-based browsers have been focused mainly on ele-
ment selection and text entry. Those two features are key to web-
interaction as text-entry allows access to pages through url inputs
and search queries and element selection further allows navigation
through the selection of hyperlinks.

Eye typing presents a broader challenge for many gaze-based
applications beyond web browsing but remains essential. Countless
gaze-based text entry methods have been proposed, including dwell-
based virtual keyboards, gaze-gesture typing, and multimodal ap-
proaches combining gaze with voice or other inputs [15, 22, 32, 37].

Element selection remains a particularly complex issue due to
the small size of elements relative to gaze-tracking precision, lead-
ing to potential ambiguity when multiple elements fall within the
selection area, hence requiring assistance techniques [28]. Addi-
tionally, elements such as hyperlinks are often embedded within
textual content or images, exacerbating the Midas Touch problem,
as they are difficult to avoid gazing unintentionally.

A straightforward approach to gaze-based selection is direct
pointing, in which a cursor moves to the observed location fol-
lowing a fixation, requiring a second fixation on a Ul element to
confirm selection (i.e., simulate a click) [2, 8]. However, this method
is highly dependent on the accuracy of the eye tracker, often neces-
sitating multiple fixations to correctly position the cursor, which
can negatively impact efficiency and user experience.

Direct selection can be enhanced through magnification tech-
niques, which enlarge the region of interest to increase the size
of clickable elements, reducing ambiguity in selection. Magnifica-
tion typically begins with the activation of a stable UI element of
appropriate size and can be implemented in various ways. These
include continuous magnification triggered by dwell time, discrete
magnification that increases in fixed increments per fixation (in
one or multiple steps), or localized magnification around the gaze
point. The latter can be rendered with a sharp boundary, similar to
a magnifying glass, or with a smooth transition effect, resembling
a fisheye lens [3, 17, 29].

Another common approach is indirect pointing, where users
gaze at a region of interest, and the system maps nearby clickable
Ul elements to larger selection targets, often on a separate, less clut-
tered area to mitigate involuntary selections. This technique, often
referred to as the menu method, has been implemented in various
ways, establishing a correspondence between original elements and
selection buttons using connecting lines, color coding, numerical
labels, or reproductions of the text and images from the original
elements [8, 16, 27, 31, 35]. Another form of indirect pointing is
discrete selection, where a selectable element is highlighted, and
the user navigates through nearby elements using dedicated UI
controls. These controls may include "previous” and "next" buttons,
similar to tab navigation on a keyboard, or multidirectional arrows,
moving to the nearest selectable element in that direction [8, 9].

156

Nogueira and Morimoto

Casarini, Porta, and Dondi [8] conducted a comparative study
evaluating multiple hyperlink selection techniques, including menu-
based selection, instant and progressive magnification methods,
direct pointing, and discrete selection. Their findings indicate that
menu-based selection results in faster selection times and higher
user satisfaction compared to other methods.

Alternative approaches that do not rely on dwell-time have also
been explored. Carneiro, Gonzales, and Morimoto [7] proposed
a pursuit-based method in which users select links by tracking
rotating targets positioned at the screen’s edge, using their angular
movement as an input signal. While this technique enables a higher
density of selectable elements within a limited area, it comes at
the cost of slower selection times compared to menu-based and
magnification-based approaches.

Other tasks for browsing the web have also been explored as
auxiliary features to the main hyperlinks selection. One of those
is in-page navigation. Most implementations achieve this strictly
through vertical scrolling, as most web pages are designed to fit
horizontally. Scrolling mechanisms can be implicit—triggered by
gaze location —or explicit, using dedicated gaze-activated buttons.
Another form of navigation implemented is the zoom functional-
ity, either by scaling the entire page or through temporary/local
magnification effects [3, 16, 17, 29].

Another auxiliary feature is tab management. It is relatively
straightforward tasks, as their user interface elements are pre-
dictable, discreet and can be constrained to mitigate issues such as
precision limitations. While many options of click alternatives are
available for tab management (dwell-time, gaze gestures etc.) few
works have explored this functionality [29].

2.2 Gaze Interaction for XR

XR applications can leverage multiple input methods, including
clickers, hand gestures, voice commands, and gaze-based interac-
tion. Many applications adopt multimodal approaches, selecting
the most effective input mode for each task or offering alternative
options. For example, users may rely on voice input for text entry
while having a gaze-based keyboard as an alternative when voice
input is impractical. Gaze interaction is particularly valuable in
XR environments due to its subtle nature, in contrast to more con-
spicuous methods. Additionally, it can help mitigate arm fatigue
by serving as an alternative or complement to hand gestures or
handheld controllers for pointing [18].

Gaze interaction has been shown to be effective in various XR
scenarios. Steves, Shin, and Oakley [14] conducted a Fitts’ Law
study comparing different selection methods in augmented reality.
Among the six techniques tested — device clicking, controller click-
ing, hand gestures, gaze-dwell, visual pursuits, and voice selection
— the results indicated that controller clicking performed best in
terms of selection time, error rate, and user preference, followed by
gaze-dwell.

Gaze-based typing in XR has been extensively explored as a
substitute for traditional keyboards. One approach involves using
gaze to accelerate manual pointing with handheld or worn pointers.
In desktop environments, gaze-assisted manual pointing is a well-
established technique [40], where the cursor moves closer to the
user’s gaze before fine adjustments are made through a mouse. This
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method can be adapted to XR, enabling rapid transitions between
distant keys while relying on manual input for precise selection,
thereby improving typing speed and reducing arm fatigue [41].

Exclusive gaze-based typing in XR has also been investigated
(25, 34, 39]. Traditional visible keyboards in XR can cause occlusion
issues, prompting research into "invisible" keyboards that rely on
alternative interaction techniques [23, 26, 42]. This concept has been
extended to gaze typing by defining a typing region and leveraging
users’ spatial awareness of keyboard layouts to facilitate text entry
without the need for a visible keyboard [24].

2.3 GazeBar

Despite gaze-dwell beeing the most common form of gaze selection
mechanism it’s not the only one. A particularly new method called
GazeBar seeks to accelerate selection, and by consequence improve
user experience. Introduced by Elmadjian and Morimoto [13], Gaze-
Bars were designed for a multimodal drawing application, where
finer drawing controls were handled by a mouse or touch pad and
switching between modes - pencil types, thickness, color, etc. - by
gaze. By placing the bars at the edge of the screen, GazeBars can
avoid indirect selections during regular use. Alongside that, changes
made by different gaze bars buttons were not destructive, simply
switching between modes, allowing for simple error corrections
by switching the mode back. This approach permitted GazeBars to
forego dwell times and perform instant selections when an item
is glaces, allowing for a speed gain, at the cost of a slightly higher
error rate. In the GazeBar method a selection is only done once the
eyes cross the bar back into the main region, leaving the last looked
item as selected. Although originally envisioned in a multimodal
environment, GazeBars can be used in gaze only contexts

A GazeBar application has been adapted for XR environments by
leveraging the natural tendency of eye gaze to avoid the very edges
of the visual field. This allows interactive buttons to be positioned
radially at the periphery of vision, minimizing interference with
the main content while remaining easily accessible [38].

3 Design Proposal

Building on prior research, this paper presents an initial design
for a gaze-based web browser tailored for XR environments in
educational contexts, named XRBars.

XRBars adopts a traditional rectangular window layout, simi-
lar to desktop applications, as its initial development also targets
desktop platforms. This does not compromise its usability in XR
environments, where it can function as a floating window. Future
developments might lead to a XR only version, taking advantage of
the full scope of view, utilizing radial GazeBars.

To ensure a fully functional browsing experience, we define four
key features:

e Page Interaction (Hyperlink access, Ul element selection)

e Page navigation (panning and zooming)

e Tab management (creation, removal, bookmarking,searching,
entering URLSs)

e input (typing, filling forms, video controls)

Among these, hyperlink selection and text input have been the
most extensively studied in gaze-based interaction research.
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The proposed interface can be seen on figure 1, showcasing 3
bars corresponding to different features. The top bar is reserved
for tab management, the right bar is for page navigation, finally
the bottom bar is responsible for page interaction. Inputs will be
handled through specific pop-ups dependent on their type.
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Figure 1: Default state of XRBars. Author’s Creation.

All shown bars are dwell free, meaning the moment the user
glances at them the user can input commands without having to
wait. The top and bottom bars are GazeBars, with discreet items
that can be selected by returning the gaze to the center of the screen
through their edge. The right bar is a ’GazeScroll’ automatically
following the user’s gaze location with it’s scroll bar.

3.1 Page Navigation

Page navigation is currently limited to scrolling, implemented
through two complementary methods, which can be observed on
Figure 2.

Gaze-activated scrolling: The page scrolls when the user gazes
at invisible trigger zones at the top or bottom of the screen, as
shown on the left side of figure 2 by striped bards, enabling smooth,
continuous, fine-tuned scrolling—ideal for tasks such as reading.

Gaze-controlled scrollbar: A scrollbar positioned on the right side
of the interface allows instant jumping to different sections of a page
based on gaze position, visible in the right side of figure 2. While
less precise than smooth scrolling, it facilitates rapid navigation of
long pages.
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Figure 2: Two scroll types of XRBars: Smooth and Instant.
Author’s Creation.

By combining both methods, users can quickly locate content
and then fine-tune their position as needed. Additional features,
such as page zooming or local magnification, can be added via an
additional optional to one of the existing bars or a new one at a
latter moment if deemed necessary.
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3.2 Tab Management

Tab management is handled by the top GazeBar, as in Figure 3,
which displays a list of open tabs numbered 1 to N. The bar also
includes navigation arrows for browsing additional tabs when space
is limited, ensuring each tab retains appropriate size for selection
for any number of tabs. Other controls include: a magnifying glass
icon to open the URL search and entry menu; a ‘+’ button to open
a new tab and a ‘X’ button to close existing tabs, located near tab
switching due to their semantically related functions.

Tabs are automatically selected when the user glances at them,
enabling peripheral identification of the current selection. Simi-
larly, looking at the navigation arrows scrolls through the tab list.
However, commands that modify the user’s workflow (e.g., open-
ing/closing tabs) are only executed when the user glances away
from the bar, preventing accidental activation.

QIK| 1 La]|...|N[>H]X

@@

Figure 3: Tab Management GazeBar. Author’s Creation.

3.3 Page Interaction

The bottom GazeBar, showcased in Figure 4, is dedicated to hyper-
link selection, form interactions, text input access and other forms
of page element interactions. Interaction follows a three-step pro-
cess. As the user browses the page, the system dynamically labels
interactive elements near their region of interest with numbered
tags, as shown in the left-hand side of Figure 4. When ready to
select an item, the user glances at the GazeBar, where buttons corre-
sponding to the numbered elements appear, along with a preview of
it’s interaction type, link access, form field, image preview etc, seen
on the right-hand side of Figure 4. Once the user find the desired
element they confirm the selection by crossing their gaze over the
desired option back into the central region.
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Figure 4: Page Interaction GazeBar in use, on the left, the
initial labeling, on the right, element selection. Author’s Cre-
ation.

Some interactions types are concluded there, such as hyperlink
selection, which would redirect the user to a new page, but each
element type interacts in a distinct manner.

Nogueira and Morimoto

This approach ensures that small, difficult-to-target elements are
mapped to larger, easily selectable buttons, streamlining interac-
tion. Since GazeBars trigger actions when gaze crosses regions, a
cancel (‘X’) button is provided as a safe area to disengage without
unintended activation.

At the far ends of the GazeBar, page forward and back buttons en-
able navigation between previously accessed pages. These controls
are grouped here as they are closely related to hyperlink selection
and cross-page navigation, as well as means of error correcting in
case a wrong hyperlink is selected.

3.4 Input

There are several input types a browser might expect, toggle click-
ing, text typing, video controls etc. At this stage, the design does
not prescribe a specific solution to most of those input types. In par-
ticular, we highlight hyperlinks and toggle elements, which trigger
instantly without pop-ups, and redirect and change states, respec-
tively. Despite their simplicity, these elements combined serve as a
robust framework for multiple-selection exams to be held with this
system, using toggles as options and hyperlinks as confirmation.

4 Experiment

As a means of evaluating XRBars, a within-subjects usability exper-
iment will be conducted, with the browser used as the sole factor:
XRBars and another state-of-the-art gaze-based browser. The ex-
periment will measure completion time, as a means of assessing
efficiency, and cognitive load, as a means of evaluating interaction
fluidity.

The task will involve filling out a multiple-choice test with
20 questions, using answers found on a separate tab. This task
ensures that the primary features—selection, tab switching, and
scrolling—are exercised.

Participants will be instructed to complete the test by switching
between tabs as needed and to click the Done button at the bottom
of the page once finished.

User data will be recorded in the form of screen recordings with
gaze coordinates, to further illuminate user behavior—for example,
identifying which interface prompted more tab switching, or how
frequently participants revised previous answers.

5 Conclusion

This papers described XRBarss, a gaze-based interface to improve
the speed and reliability of selections by gaze in web browsers.
XRBarss is an extension of the GazeBars concept, initially designed
for multi-modal interaction in desktop computers. With the emer-
gence of wearable XR platforms such as the Apple’s IVision Pro,
novel interfaces such as XRBars can improve the life of people with
motor disabilities, facilitating their access to the Internet and, in
particular, the access to many learning tools and applications. Fu-
ture research will include the implementation of XRBars and it’s
integration in an open source browser, such as Chromium, as well
as it’s evaluation in terms of of usability and application for learn-
ing platforms, such as evaluating tools composed of multiple choice
questions, that can be easily extended to other types of assessment
questions, such as true/false and associative questions.
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